During the course of studies on the multiplication of coliphage T2r+ in a synthetic medium, it has been found that minute quantities of sulfhydrylcontaining compounds inhibit multiplication. The inhibition is remarkable in that the growth of the host cells appears to be unaffected by these substances even in relatively high concentrations.
appeared to be increasing. In the presence of versene and manganous chloride, however, multiplication is evident in 25 minutes and there is approximately a 100-fold increase in 50 minutes.
Although good one-step growth curves are usually obtained with phage T2r+ on cells growing in SM8 medium, it was sometimes observed that the phage growth was delayed. It was of some interest, therefore, to determine what effect the addition of versene and manganous ion might have in the SM8 medium in respect to reproducibility. Growth curves have been made on numerous occasions Framingham, Mass. in SM8 medium with and without versene and manganous ions. In all cases where versene and manganous chloride were present, reproducible one-step growth curves were obtained. The results of one such experiment are plotted in figure 2. Phage multiplication was delayed in SM8 but active growth occurred in the presence of versene and manganous chloride.
Effect of pretreatment of the host cells urith versene and manganous chloride. When the host cells previously grown in SM8 medium were exposed to a medium containing versene and manganous chloride' for 30 minutes prior to infection, In this, and all subsequent graphs, the first arrow indicates the time at which the adsorption mixture (prepared in SM8 medium) was diluted in the test solutions. The second arrow shows the time at which a ten-fold dilution was made to prevent readsorption of liberated phage (Ellis and Delbruck, 1939) . best growth conditions, namely, in nutrient broth with broth adapted cells as illustrated in figure 3 . Attention was directed then toward testing the effect of pretreatment of 20-hour SM8 grown host cells ("old" cells) on the growth of the phage. Figure 4 shows the rate of multiplication of the phage in SM11 with 20-hour cells that had been treated for 30 minutes prior to the addition of the phage. The curve for 4-hour cell growth is shown for comparison. Such pretreatment results in a latent period of 50 minutes with the 20-hour cells (as compared to 15 minutes for the 4-hour cells), whereas without pretreatment the latent period is approximately 80 minutes.
Effect of cysteine and of SMiJ medium on the adsorption of phage. The inhibitory effect of cysteine and of other sulfhydryl compounds and the stimulatory activity of SM11 medium are apparently concerned directly with the phage multiplication system since growth of the uninfected host cells is not affected. It remained, however, to determine whether any of these effects might be attributed to the degree of adsorption of the virus to the host organism. Phage was added to a 4-hour culture grown in SM8 medium. The percentage adsorption was determined from the decrease in plaque count of the supernatant of the virus-bacterial mixture after centrifugation at 2,500 rpm for 3 minutes.
From the results given in table 3 it is apparent that no difference in the rate of adsorption occurred in the presence of cysteine in SM8 medium or in SMi1 medium when compared with SM8.
DISCUSSION
Metallic ions have already been shown to be involved in phage multiplication (Andrewes and Elford, 1932; Wahl, 1946; Rountree, 1947; Dolby and Czekalowski, 1949; Adams, 1949) . Our results indicate that sulfhydryl compounds inhibit multiplication of coliphage T2r+ by interfering in some way with a delicate ionic balance in the growth system, since the ionic buffering agent, ethylenediaminotetraacetic acid, antagonizes this inhibition.
Apparently, this inhibition is confined to the multiplication or release of the virus, since no effect of sulfhydryl compound on host cell growth, virus inactivation, or virus adsorption to the cell could be detected. Addition of manganous (or magnesium) ions to versene appears to enhance its protective action against the inhibition of phage growth by the sulfhydryl compounds. It is evident from these results that an optimal ionic balance involving manganous (and/or magnesium) ions is required by the phage T2r+ system.
A profound effect on the multiplication of the phage in the presence of "old" 20-hour cells can also be shown to occur in the presence of versene and manganous chloride.
SUMMARY
The multiplication of coliphage T2r+ can be inhibited by minute quantities of sulfhydryl compounds, in a synthetic medium. Host cell growth is unaffected under these conditions.
The inhibition of sulfhydryl compounds can be prevented by ethylenediaminotetraacetic acid (versene) and to a lesser extent by manganous or magnesium ions.
Pretreatment of the host cells with versene and manganous chloride permits phage multiplication to occur with a lag period of only 15 minutes in contrast to the usual 25 minutes in the absence of pretreatment.
"Old" 20-hour cell growths can support T2r+ multiplication in a relatively short time when treated with versene and manganous ions prior to infection.
The possible implication of these results to the ionic requirements of the virus system is discussed.
